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Unmethylatey CpG dinuoleotide 



K motif : contains essential sequences of TCGTA and TCGTT 
activate monocytes / B cells, secrete IL-6 
Important where antibody response is essential 

D ODN: containing palindromic sequence such as ATCGAT 
activating NK cells / secreting IFN-y 
longer sequence : e.g. GGTGCATCGATGCAGGGGGG 

ODN sequence containing GACGTT shows optimal response in mouse 
ODN sequence containing GTCGTT shows optimal response in human 



FIG: 1 Structure-activitity relationship of unmethylated CpG-containing nucleotide sequence 



BEST AVAILABLE COPY 



10/502085 

2/28 




FIG. 2 



CpG dinucleotide modified at 3''Bnd with various lipophilic group 
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FIG. 3 Modified CpG dinucleoTide as di-valent ligand 



10/5020 



4/28 




FIG- 4 Hexa-nucieotide ATCGAT modified at 5'-end with a lipophilic group 
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FIG, 6 Hexa-nucleotide GTcgTT modified at 3'-end with a lipophilic group, wherein 
eg di-nucleotide has glycerol-based backbone. 
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Building blocks for solid-phase nucleotide synthesis by phosphoramidite method 
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DMT-CI, DIPEA 
DCM-THF. RT. 52% 
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Solid phase nucleotide synthesis 




FiG. S Modification of !caa-CPG (long chain aminoalky! controlled pore glass) resin 
for The synthesis of lipidated oligonucleotides. 
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i - iv 



dG-CE phosphoramidite 



DMTO. 




Synth atic cycle: 

I. de-tritylation: TCA-DCM (1/100) 
ii. coupling: tetrazole, THF 
lii. capping: AC a O-NMI-THF 

iv. oxidation: 2-butanone perosJde (0.1 M in DCM) 

v. final deprotection: NH 3 H 2 O,55 0 C 



TCA: triohloroacetio acid 
DCM: dichloromethane 
NMI: N-methyl Imidazole 
THF: tetrahydrofuran 




FIG. 10 Preparation of lipidaied CpG dinueleoiide 1 on solid phase 
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.OH 



HO' 



i. n-C 16 H33Br, NaH, DMF 

ii. TFA, DCM, RT 
72% for two steps 

PL DMT-CI, DIPEA. DCM, 61% 

iv. succinic anhydride, DMAP 
pyridine, RT, 95% 

v. DCC, DCM, RT. 89% 

vi. DMF. RT 
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DMT< 



nucleoside synthesis 
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FIG. 1 1 Preparation of peniaerythritoKderived dlllpo-alconoi ID and ns application for 

4fre-&yntne.siSr_af::H^^ 
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\. BnBr. NaH, DMF, RT, 94% 

ii. HOAc-H z O. 40 °C, 85% 

iii. BzCN, Et 3 N, CHgCN, -SO °C. 60% 

iv. paraformaldehyde, DCM, HCi(g). C °C 

v. NaH, DMF, RT, 30%; or 
BSA, TBAI, DCM, RT, 35% 

vi. Me 2 BBr, DCM, 0°C, 76%; or 
BCT,. DCM, -78°C, 76% 

vli. (CNCH 2 CH 2 0)P'Pr 2 -CI, DIPEA, DCM, RT, 79% 



FIG. 12 Preparation of glycerol-cytosine phosphoramidite 25 
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HO 
Wang resin 



Fmoc-Leu-OH J » 
Fmoo-SertC^-OH 
Fmoc-g(Bhoc)-OH 
Fmoc-c(Bhoo)-OH 
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Fmoo-Ser(C|4)-OH 



FmocHN^-^ 




NHBhoc 

Fmoc-g(Bhoc)-OH 



NHBhoc 
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Y°° 

-La, 



Fmoo-o(Bhoc)-OH 



O 




OH 




Benzhydryicarbonyl (Bhoc) 



j. DIPCOI, DMAP, DCM, DMF 
Ji 20% piperidine, DMF 

iii. TBTU, HOBT, DJPEA, DMF 

iv. ACgO, lutidine, NMP(5:6:1.1) 

v. TFA, water, m-cresol (6:0.2:1) 
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H 2 N-STAPPAHGVTSAPPDTRPAPQSTAPPK(Pal)G-OH 



H 2 N — STAPPAHGVTSAPDTRPAPGSTAPP— HN 




BP1-148 



FIG. 1 7 Structure of lipopeptide BP1-1 48, a modified 25-amino-acid 

sequence derived from tumor-associated MUC1 mucin. BP1-148 

is the antigen incoporated into the liposome formulation, together with 

an adjuvant, e.g. compound 1 - 6, to form the BLP25 liposomal vaccine. 
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R » CG, ATCGTT, GACGTT, ATCGAT, and any other ODN fragment. 



Multi-valent effect is well known in many biological events. Very often the binding of a particular 
receptor to multi-ligands is the initial event of the multi-step activation cascade. The multi-arm of 
pentaerychritol (PET) provides an efficient scafold to creace a mulci-valent system that will function 
as a more efficient ligand for a specific receptor. Cholesterol -conjugated to CpG containing ODN is 
expected to be potential ligands for TLR-9 and thus may have immunomodulatory activity. 



FIG. 18 Clustered oligonucleotide - cholesterol conjugate 
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FIG. 19 CpG-containing ODN lipidated at 3'-end 
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Cyclic molecules have the potential 
to form stablized three dimensional 
structures; thus f they are generally 
better ligands for specefic receptors 
when the structure of the ligand matches 
the binding site of the receptor. These 
structural variations are designed as 
potential ligands for Toll-like receptors (TLRs). 



Fig. 20 Upidated cyclic CpG dinucleotide anaiogues 
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Upo-teichoic acid (LTA) is the membrane component of Gram-positive bacteria. LTA is well 
known for its property to activate the innate immune response. Structures derived from LTA 
are therefore expected to have immune modulatory activities. 



FIG. 23 Structures derived from lipo-teichoic acid 
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Modified Lipo-teichoic acid backbone, wherein the ester linkage between D-Alanine and the 
secondary hydroxyl group of glycerol unit is replaced by an amide bond, will be more stable 
toward hydrolytic condition. 



FIG. 24 Modified LTA derivatives 
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FiG. 25 Hybrid structures derived from LTA, DNA, and GNA 
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